Purpose: This multicenter, randomized, crossover study compared preference, ease of use, acceptability, satisfaction, and safety of repeated subcutaneous (SC) self-administrations with prefilled pens and prefilled syringes delivering methotrexate (MTX), in patients with rheumatoid arthritis (RA).
Introduction
Low-dose methotrexate (MTX) has become the disease-modifying antirheumatic drug (DMARD) of choice in the treatment of rheumatoid arthritis (RA). MTX is recommended as the initial choice for the treatment of RA by the European League Against Rheumatism (EULAR) and the American College of Rheumatology (ACR). [1] [2] [3] It is considered the anchor drug by both, on the basis of its efficacy as monotherapy and on the basis of its ability to increase the efficacy of biological DMARDs when used in combination.
MTX is administered weekly at a dose of 7.5 mg to 30 mg, either via oral or parenteral route. The parenteral administration shows an improved and more reliable bioavailability compared with the oral formulation, 4, 5 and an improved efficacy, as demonstrated in a randomized, double-blind study with 384 patients. 6 In recent years, the use of subcutaneous (SC) injections gained in importance with the development of prefilled syringes (Metoject ® /Metex ® ; medac GmbH, Wedel, Germany) allowing the patient to self-inject at home. Increasing the concentration of the MTX solution to 50 mg/mL enhanced the comfort, especially at higher doses, by allowing injection of a very small volume. 4, [7] [8] [9] The preference of the patient for the 50 mg/mL prefilled syringe compared with the 10 mg/mL formulation was shown in a study with 130 RA patients. 10 A newly developed prefilled pen containing MTX (Metex ® PEN/Metoject ® PEN; medac GmbH) has been recently introduced for greater patient convenience and easier use. In addition, the prefilled pen is provided with a needle-cover system to automatically prevent needlestick injury that could potentially result in secondary infections. This is particularly important when SC injection is not done by the patient himself but by a family member, friend, or health care worker.
This study assessed the experience of patients with RA who used both the prefilled syringes and the prefilled pens, with regard to preference, usability, and tolerability outcomes.
Patients and methods

Study design
This was a prospective, multicenter, randomized, open-label, two-period, two-sequence crossover study performed in 12 study centers in Germany. It was designed to assess the number of patients with RA preferring the MTX prefilled pen to the prefilled syringe after 6 weeks of treatment.
inclusion/exclusion criteria
Patients were eligible for the study if they were between 18 and 75 years of age, had a diagnosis of RA according to the ACR or ACR/EULAR criteria, 1, 11 and required initiation or intensification of MTX therapy due to RA activity (Disease Activity Score 28 [DAS28] 2.6).
12,13
Major exclusion criteria for study participation included: prior or other current SC treatment with self-injection; prior or concomitant treatment with biologics; and insufficient knowledge in German to perfectly understand the questionnaires.
The study was performed in accordance with the Good Clinical Practice guidelines recommended by the International Conference on Harmonization of Technical Requirements.
14 Ethics committees and institutional review boards at the respective study sites approved the trial. Written informed consent was obtained from all patients.
study intervention
Patients were randomized to receive the test drug, a prefilled pen (Metex ® PEN/Metoject ® PEN)" or the reference drug, a prefilled syringe (Metex ® /Metoject ® ), at a dose of 15 mg, 17.5 mg, or 20 mg MTX SC once a week for 3 weeks. Patients then received the reference drug (prefilled syringe) or the test drug (prefilled pen) in a crossover design, with each patient serving as his/her own control. The SC injections were applied in the abdomen or the upper thigh. Patients were to use a different injection site each time, to minimize any reactions at the injection site. Before the first injection, patients were made familiar with each injection system by the study nurse or the investigator. The first injection was done by the patient himself in the investigator's office under the supervision of the investigator or study nurse. The following two injections were to be performed at home; however, if the patient did not feel comfortable to inject at home, he had the opportunity to perform further injections in the investigator's office. The total treatment duration was 6 weeks, and the MTX dose was to be kept stable during this period.
The study included patients who (1) were MTX-naïve or had already been treated with oral MTX previously, and (2) had no contraindication for MTX at baseline. The patients had to have disease activity at baseline (DAS28 2.6) and to require a treatment with MTX, according to their rheumatologist. For these patients, an initiation or an intensification of the MTX treatment was indicated (eg, MTX therapy was switched from oral to parenteral), and the MTX dose was to be increased when necessary. As many rheumatologists in Germany start MTX treatment at a dose of 15 mg, the dosage proposed in this study was 15 mg, 17.5 mg, or 20 mg weekly.
Prior and concomitant therapy with other DMARDs, non-steroidal anti-inflammatory drugs, and/or corticosteroids was permitted, as was treatment with oral folic acid once a week. All concomitant medications were to be kept constant during the study.
The following medications were not allowed: prior or combination therapies with a biological DMARD (such as tumor necrosis factor [TNF]-a blockers); drugs causing folate deficiency (eg, sulfonamides and trimethoprim-sulfamethoxazole) (during the study); and live virus vaccinations.
Patients meeting all eligibility criteria were randomized centrally, by the sponsor via fax, to one of the two treatment sequences.
Primary end point
The primary end point was the number of patients preferring the MTX prefilled pen over the prefilled syringe after 6 weeks of treatment, based on the question "Overall, if you could 
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High-concentration MTX for subcutaneous self-administration choose, which of both self-injection systems would you prefer for future MTX treatment?".
secondary end points
Secondary end points included the following: (1) number of patients preferring the MTX prefilled pen over the prefilled syringe at the end of study, based on a six-item questionnaire related to the overall ease of use, acceptability, and satisfaction; (2) comparison of the self-injection experience of the patients after each treatment period, using the Self-Injection Assessment Questionnaire (SIAQ) version 2.0; 15 (3) number of study nurses and investigators preferring the MTX prefilled pen at the end of study; (4) documentation of pen dysfunction, with respect to any information identifying and describing incidents in which the prefilled pen was misused, broken, incapable of being activated, or did not deliver the appropriate dose. Answers were documented by the patient in a diary -at the first and fourth injection, the study nurse/investigator explained and supervised the documentation. In addition, local tolerability and adverse events (AEs) were recorded. Table 1 summarizes the questions and answers concerning preference, usability, and tolerability outcomes. Table 1 Preference, usability, and tolerability outcomes
Primary end point -patient preference "Overall, if you could choose, which of both self-injection systems would you prefer for future MTX treatment?" Two categories were suggested: "I prefer the prefilled pen" and "I prefer the prefilled syringe"
Secondary end points
Six-item questionnaire related to the overall ease of use, acceptability, and satisfaction with either the MTX prefilled pen or the MTX prefilled syringe to be indicated "The self-injection is easy to perform using few steps" "I feel comfortable to perform the self-injection correctly without help" "The injection system lies comfortably and secure in the hand during the injection" "I am not scared of being hurt before the injection is done" "I am not scared of being hurt after the injection is done" "It does not take much effort to overcome self-injection"
Self-Injection Assessment Questionnaire (SIAQ)
At baseline, before self-injection: "In general, how afraid are you of needles?" "In general, how afraid are you of having an injection?" "How anxious do you feel about giving yourself an injection?" "How confident are you about giving yourself an injection in the right way?" "How confident are you about giving yourself an injection in a clean and sterile way?" "How confident are you about giving yourself an injection safely?" Possible answers for all the above items: "not at all"; "a little"; "moderately"; "very"; "extremely" "Overall, how satisfied are you with your current way of taking your medication?" Possible answers: "very dissatisfied"; "dissatisfied"; "neither dissatisfied nor satisfied"; "satisfied"; "very satisfied"
After self-injection, at the end of the two periods (the questionnaire covered the following topics, each containing several questions): Feelings about injections Self-image Self-confidence Pain and skin reactions during or after the injection ease of use of self-injection device satisfaction with self-injection (Answers were transformed to a score, where a score of one corresponded to the patient's worst experience, and a score of ten corresponded to the patient's best experience)
Study nurse and investigator preference of the MTX prefilled pen at the end of study "Overall, how would you rate the experience made by the patients with the prefilled pen during the study?" The answer was given on a five-point semantic Likert-type scale, where a score of one corresponded to the worst experience, and a score of five corresponded to the best experience "Which of both self-injection systems would you recommend to your patients for future MTX treatment?" The following answers could be chosen: "prefilled pen" or "prefilled syringe" A single-arm chi-square test with a 2.5% one-sided significance level had a 90% power to detect an increase in rate of patients preferring the prefilled pen between the null hypothesis rate of 50% and the alternative rate of 65% at a sample size of 113. The sample size was set to 120 patients to adjust for patients excluded from the full analysis.
Pen dysfunction
For statistical analysis of the number of patients preferring the MTX prefilled pen at the end of the study, based on the six-item questionnaire related to the overall ease of use, acceptability, and satisfaction, point estimates of the rates and 95% confidence intervals were presented. For the statistical analysis of patient preference, a preference for syringe was imputed as the worst-case scenario in cases of missing data.
Exploratory subgroup analyses for age, sex, body mass index (BMI), previous oral MTX treatment, and RA activity was prespecified in the statistical analysis plan. For these analyses, a complete-case analysis without imputation of missing data was performed.
SIAQ scoring was performed in compliance with the user manual. 15 To account for the crossover design of the study, the individual item score values as well as the domain scores were subjected to analysis of variance (ANOVA). The effects considered in the ANOVA model were: treatment, sequence, and study period, as fixed effects; and patients within sequence, as a random effect. In order to describe any potential difference in domain scores between both devices, the model-based point estimates for the differences and the associated 95% confidence intervals (CI), using the leastsquares (LS) means and the root of error mean squares from the ANOVA, were presented.
To explore whether there were any relevant sequence or period effects, a logistic regression model was fitted, with sequence and study period as effects. Wilcoxon-tests for matched pairs served as an exploratory tool to assess any potential differences between the local tolerability of the two devices.
The safety population included all patients who received at least one dose of investigational product and for whom at least one postbaseline safety measurement was available. Confirmatory analysis was conducted in the full-analysis set (FAS) including all patients who received at least one injection with each device (syringe and pen) and for whom the primary study parameter was available. For sensitivity analysis, the per-protocol set -although not presented in this paper -was defined to include all patients of the FAS, if all preplanned injections were performed, all major inclusion criteria and none of the major exclusion criteria were fulfilled, and no important protocol violation occurred.
Data were analyzed using the SAS 9.3 software package (SAS Institute Inc., Cary, NC, USA), on the Windows platform.
The study was registered under ClinicalTrials.gov number NCT01793259.
Results
Analysis of population
Twelve centers enrolled a total 120 patients into the study. All patients were randomized to receive MTX treatment (in either the sequence pen-syringe or syringe-pen) and were valid for safety analysis. Eight subjects did not complete the study: one patient was lost to follow-up; for another patient, no MTX pen was available at the investigator's site at the time of the study; and six patients discontinued the study due to AEs.
Protocol deviations were recorded for 14 of the 120 patients. These included deviations in the number of planned MTX injections with syringe and pen by 12 patients and deviations in the completion of the six-item questionnaire and overall preference by three patients. In total, 111 patients qualified for the FAS; two patients were excluded due to lacking information for the primary study parameter and seven patients did not receive each type of device at least once.
Demographics and baseline characteristics
Of the 111 patients (FAS), 81 (73.0%) were women and 30 (27.0%) were men. Mean age was 54.4 years. Mean weight was 80.0 kg, mean height was 168.8 cm, and mean BMI was 28.0 kg/m 2 . The mean DAS28 score was 4.5 at baseline, with 88.3% of the patients having a DAS28 score of 3.2. The most common concomitant medical condition was arterial hypertension (36.9%). A total of 80.2% of all patients had received oral MTX treatment previously for a mean duration of 31.5 months. In general, baseline characteristics did not differ to a relevant degree between both treatment-sequence groups. Table 2 summarizes demographics and baseline characteristics.
Most patients received an MTX dose of 15 mg at the time of first injection, with both the prefilled pen (73%) and the prefilled syringe (74%). Of all patients, 10% received a dose of 17.5 mg, and 14% received a dose of 20 mg. Although patients had the opportunity to return to the investigators' offices for the second and third injections, only one patient (0.9%) administered the second/third injection under supervision, and only three patients (2.7%) administered the fifth/sixth injection under supervision at the investigational site. Overall patient preference (primary end point)
Overall patient preference for the MTX prefilled pen was 75%. Similar statistically significant results were obtained for the complete-case analysis (n=109), with 76% for the prefilled pen (95% CI: 67.0-83.8; P0.0001) (Figure 1 ). The results for the different subgroup stratifications (age, sex, BMI, previous MTX treatment, and baseline DAS28 score) were also similar. In patients reporting to be very or extremely afraid of needles (n=10), the preference for the prefilled pen increased to 90%, while 75% of the rest of patients preferred the pen (complete-case analysis). Stratified by device sequence, the overall preference of the patient for the prefilled pen was 82% when MTX was first administered by the prefilled pen and was 67% when it was first administered by the prefilled syringe.
six-item questionnaire related to the overall ease of use, acceptability, and satisfaction Table 3 summarizes the number of patients with preference for the MTX prefilled pen. In general, between 73% and 76% of the patients in both analysis sets preferred the prefilled pen in relation to use, acceptability, and satisfaction. A total 67% of the patients confirmed that it did not take much effort to overcome self-injection. The respective confidence intervals indicated that the results were statistically significant.
self-injection Assessment Questionnaire
At baseline, patients showed a positive attitude towards self-injection in general. Both device-sequence groups were homogeneously distributed with respect to "PRE" module (completed prior to the first injection) domain results ( Table 4 ). The experience of the patients with both device systems was positive at the end of the period (Figure 2) . In all domains, the mean scores ranged from 7.1 to 9.6. The lowest means were observed for the domain "Self-confidence" (7.1 for the pen and 7.5 for the syringe). The highest means were observed for the domain "Pain and skin reactions during or after the injection" (9.6 for the pen versus 9.6 for the syringe).
Thresholds indicating a clinically important difference have not yet been defined and validated for SIAQ domain scores. Assuming a change of at least 0.5 points on a ten-point scale to indicate clinical relevance, no differences were found in any domains scores between both devices.
Post hoc statistical comparisons of the mean scores between both devices revealed for two domains, significant results on an exploratory perspective: for the domain "Selfimage", the score was significantly higher for the pen (LS mean pen 9.14 vs syringe 8.71 [LS mean difference 0.43; P=0.0059]); in the domain "Self-confidence" the score was significantly higher for the syringe (LS mean pen 7.09 vs syringe 7.53 [LS mean difference -0.44; P=0.0444]).
In summary, domains scores of the SIAQ "POST" module (completed after each sequence period) were not clinically different between pen and syringe. 
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Demary et al Figure 1 Overall preference for MTX prefilled pen and stratification by baseline characteristics. Notes: n = total number of patients, excluding three patients with missing information (n=2) and concomitant use of pen and syringe (n=1) (complete-case analysis); n= number of patients with preference for pen. Abbreviations: BMI, body mass index; CI, confidence interval; DAS28, Disease Activity Score 28; MTX, methotrexate. 
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Study nurse and investigator preference
A total of six study nurses and six investigators completed the questionnaire on the overall experience with the MTX prefilled pen and syringe, of whom eleven (92%) gave the MTX prefilled pen the two highest of five possible rankings and indicated that they would recommend the MTX prefilled pen to patients for future MTX treatment.
Pen dysfunction
In all, 18 patients documented instances of dysfunction or misuse of the MTX prefilled pen or other difficulties in their diary, which were grouped into four categories:
"Could not inject the entire solution" (n=9); "Could not activate the injection" (n=7); "Any defects in the pen, like cracks and breaks" (n=3); or "Other difficulties" (n=9). As data clarification of diary entries was not possible, some inconsistencies and redundancies could not be avoided. Nine patients reported that the solution could not be injected completely, for ten separate injections (3% of all injections with the pen). Of these, two patients stated that the solution was only partly injected because they did not wait long enough to complete the injection. Two patients reported that at least one drop of the medication remained on the skin after the injection. Of the seven patients who reported their difficulty with or inability to activate the injection (by pushing the knob), for seven separate injections (2% of all injections with the pen), four patients imputed the problem to the pen; two patients reported difficulties with pen activation, and one patient reported incorrect pen use.
Three patients reported "defects in the pen", for three separate injections (1% of all injections with the pen). However, these defects were unrelated to cracks or breaks but rather, to the inability of the patients to activate the injection.
Other difficulties using the prefilled pen were reported by nine patients, for 16 separate injections (5% of all injections with the pen); these included difficulties during activation (n=4), difficulties with cap removal (n=1), and reasons unlikely to be related to device dysfunction (n=4). Table 5 presents the pooled analysis showing the cumulative frequencies of patients with symptoms at the injection sites, as rated by the patient or the investigator within 48 hours after injection.
local tolerability
In all, 52 patients (44.8%) using the pen and 54 patients (46.2%) using the syringe experienced local symptoms, as rated by the patient or the investigator. Most symptoms were mild in intensity. Patients using the pen experienced hematoma most often ( itching (ten patients [8.5%] for each), and swelling (nine patients [7.7%] ). Differences in local tolerability between both devices were found for pain and redness. Significantly more patients experienced pain when using the pen compared with the syringe (P=0.0019). Significantly more patient experienced redness when using the syringe compared with the pen (P=0.0421).
safety
The safety data are based on all 120 patients who were eligible for safety analysis. Both MTX pen and syringe treatments were generally well tolerated. [4.2%] ). AEs related to general disorders and administration site conditions were reported by four patients (3.3%), investigations by three patients (2.5%), and psychiatric disorders by two patients (1.7%). AEs related to other organ system classes were reported by only one patient each.
Seven patients (6%) discontinued MTX treatment due to AEs, of which nausea was the most common (five patients [4%]). Five patients (4%) interrupted MTX treatment; the most common reason was increased hepatic enzymes, which occurred in two patients (2%). Hepatic enzyme increases included elevated gamma-glutamyl transpeptidase (GGT) (129 U/L) in one patient and elevated aspartate aminotransferase (AST) (207 U/L) and alanine aminotransferase (ALT) (306 U/L) in another patient; all were reported at the time of the fourth injection. No relevant differences between the two devices were present with regard to number and type of AEs. None of the AEs was considered serious.
Discussion
In this randomized, open-label, crossover study, 76% of all patients with RA expressed their overall preference with the MTX prefilled pen over the prefilled syringe, the result being highly statistically significant (P,0.0001). Subgroup stratifications for age, sex, BMI, previous MTX treatment, and baseline DAS28 score yielded similar results. For all subgroups, the preference for the MTX prefilled pen ranged from 73% to 85%, and the lower limits of the respective 95% CIs were well above 50%.
This preference for the prefilled pen was further supported by the results of the six-item questionnaire assessing use, acceptability, and satisfaction. For all but one item, patient preference for the prefilled pen ranged from 73% to 76%. About two-thirds (67%) of the patients confirmed that the use of the prefilled pen did not take much effort to overcome selfinjection.
The positive patient perception of the MTX prefilled pen was also confirmed by the nurses and investigators involved in this study, who reported "positive" to "best" experience for all patients at their site with the prefilled pen. All but one site would recommend the prefilled pen for the future treatment of their patients. However, due to the small number of participating investigators or nurses (n=12), these results should be interpreted with caution.
Results from the SIAQ showed no clinically relevant differences between both devices in all domain scores of the SIAQ POST module. Generally, overall patient attitude towards self-injection at baseline was positive, as was patient experience with both devices during the study. However, testing differences in mean scores between both devices revealed two domains with significantly different scores: the score for the domain "self-image" was significantly higher for the pen and the score for the domain "self-confidence" was significantly higher for the syringe.
Whereas questionnaire outcomes concerning overall preference, use, acceptability, and satisfaction clearly favored the use of the prefilled pen, the SIAQ POST module domain and item scores showed no patient preference towards either of the two devices.
Regarding device dysfunction and misuse, as reported in patient diaries, nine patients were unable to inject the whole solution volume, seven were unable to activate the injection device, three reported a defect, and nine reported other difficulties. In relation to the total number of used MTX prefilled pens (n=347), the whole solution was not injectable in 3%, the injection device was not activated in 2%, a defect was reported in 1%, and other difficulties were reported in 5%. As clarification of data in the diary entries was not possible, some inconsistencies and redundancies could not be avoided; among these, a review of individual comments revealed that for six patients, one injection per patient was not performed with the initial pen, which had to be replaced. All other patient reports were related to observations, incorrect use of the pen, or difficulties in pen use.
These reported difficulties or inability to use the pen may be imputed to insufficient training at the physicians' offices, to limitation in the use of the pen by the patients, or to penrelated technical problems.
Three of the six pens that required replacement were from a single investigator site and the need for replacement may have been due to insufficient device training at this site. Moreover, looking at the inability to inject the entire solution volume revealed an increased occurrence at the second injection in comparison with the third injection, for the prefilled pens. This time point corresponds to the first injection by the patient at home, without any supervision by a health care professional, suggesting the number of problems encountered by the patients may decrease with the number of injections performed. As the patients reported difficulties or inability to use the pen while they were at home, the issues were not evaluated by a health care professional and therefore cannot definitely be clarified here.
With regard to local tolerability at the injection site, significantly more patients experienced pain when using the 
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High-concentration MTX for subcutaneous self-administration pen compared with the syringe (P=0.0019), and significantly more patients experienced redness when using the syringe compared with the pen (P=0.0421). Both formulation devices were generally well tolerated. Often, patients associate SC injections with pain, discomfort, blood, and cross infection. Compared with the syringe system, the prefilled pen enables a process, where -for self-injectionthe patient simply presses a button and is therefore not directly involved with the needle, resulting in minimal anxiety and perception of pain. In addition, the needle cover minimizes the risk of needlestick injury. These advantages and the favorable patient, physician, and nurse assessments support the use of the prefilled pen for MTX administration in patients with RA.
Conclusion
SC self-injection of MTX with a prefilled pen was generally preferred over a prefilled syringe with regard to use, acceptability, and satisfaction, by patients with RA. This is supported by the strong appreciation of its convenience, by their attending study nurses and physicians.
